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A.  R. Kotovskaga, R. A ,  Vartbaronov 
and S. F. Simpura 

,' 1 - 
Zpace f l i g h t s  have given r i s e  t o  a number of' problems, 

one o f  which i s  a s tudy of  human to le rance  t o  a c c e l e r a t i o n s  
i n  the  period of  r e t u r n  t o  e a r t h  a f t e r  a prolonged s t a t e  o f  
weight lessness  has been experienced. The i n v e s t i g a t i o n s  made 
for c l a r i f y i n g  t h i s  extremely complex pi-oblern a r e  o f  g r e a t  
s c i e n t i f i c  and p r a c t i c a l  i n t e r e s t .  

In f a c t ,  i n  igplernenting a space research  program i t  i s  
necessary  t o  have a c l e a r  idea  o f  what ei'f'ect prolonzed 
weish t lessness  may e x e r t  on man. The formulat ion of' predic-  
t i o n s  obviously nus t  be based both o n  a s t u d y  of the  exper i -  
ence obtained both i n  f l i g h t s  and i n  l abora to ry  experiments 
i n  which the corresponding weightlessness e f f e c t s  a r e  simu- 
l a t e d .  It i s  known t h a t  imqersion i n  water and 8 prolonged 
s t a y  i n  a ho r i zon ta l  p o s i t i o n  with l imi t ed  mob i l i t y  a r e  forms 
of  l abo ra to ry  s imula t ion  which can be used f o r  eva lua t ing  the  
e f f e c t  of weight lessness  on kman t o l e r a m e  t o  acce le ra t ions ,  

O r b i t a l  f l i g h t s  have demonstrated t h a t  cosmonauts a r e  
capable of enduring weisht lessness  f o r  up t o  14 days. However, 
these  inves t iga t ions  a t  t h e  same time have revea led  some un- 
favorable  changes i n  a number o f  organs and systems i n  t h e  /2 
cosnonaut fs  body, i n d i c a t i n g  a decrease of  t he  func t iona l  
t o l e rance  of the  human body a f t e r  o r b i t a l  f l i g n t  (X. :4. S i s -  
akyan, 196L; 0. G. Sazenko, 1962~, 1965; Lamb, e t  a l ,  196L; 
Berry, 1966; Taylor,  e t  al, 1966) .  

Af te r  f l i g h t  w i t h  a durat ion g r e a t e r  than one dag the re  
were symptoms of dehydration, demineral i7at ion and some o ther  
impairments (H. N. Sisakyan, e t  a l ,  1964; Berry,  1966). 

I n  labora tory  experiments many i n v e s t i g a t o r s  have noted 
. A  
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s i m i l a r  changes i n  the func t iona l  s t a t e  o f  d i f r e r e n t  systems 
of t h e  body (5. I. Lakurin,  Yu, X .  ToKai-ev, 1962; L.  I. Kak- 
u r i n ,  e t  al, 1966; Yu. V. Vanyushina, 1963; 3 e i t r i c k ,  e t  al, 
lC)!!f!; Taylor,  e t  a l ,  1949; Graveline,  1952; X i l l e r ,  1764; 
P c t t s ,  3owring, 1960; Bronnon, e t  a l ,  1963, and o t h e r s ) .  

3ata  o n  the ef'fect of Drolonged hypodynmia o r  irnrnersion 
i n  a l i q u i d  3n to le rance  t o  overlaads,  d e t e r i o r a t i o n  o f  the  
to l e rance  t o  the e f f e c t  o f  l ong i tud ina l  (+G, )  and t r ansve r se  
( + G  ) a c c e l e r a t i o n s ,  as  we l l  as o r t h o s t s t i c  t e s t s ,  m t e d  by 
v i r h a l l y  a l l  i n v e s t i g a t o r s  working ir_ t h i s  f i e l d  ( A .  3. 
Kotovskaya, L. I. Kakurin, e t  a l ,  1964; P.  V. Vas i l 'yev ,  A. R.  
LDtovskaya, 1965; Zyaveline,  Ezirnard, 1961; Graveline,  1962; 
David, 1961; b l i l l e r ,  Levere t t ,  1965) a r e  of  p a r t i c u l a r  i n -  
t e r e s t .  

I n  model experiments Inves t iga t ions  have been made o f  the  
to l e rance  o f  man t o  acce le ra t ions  (+Gx) with  maximm dura t ions  
of hypodynamia u p  t o  20 days ( A .  R. Kotovskaya, e t  a l ,  196k, 
1967)  and 28 days ( : ! i l ler ,  Levere t t ,  1965). Tolerance t o  /3 
overloads has not  been s tudied  f o r  hypodynamia o f  long dura- 
t i o n .  'lowever, i t  i s  o f  considerable i n t e r e F t  t o  t r a c e  t h e  
change of to le rance  t o  the e f f e c t s  o f  a c c e l e r a t i o n  f o r  k y p o -  
dynamia o f  d i f f e r e n t  durat ion.  F o r  t h i s  reason we f e l t  i t  jus-  
t l f i a b l e  t o  c a r r y  out new experiments wi th  sub jec t s  who were 
exposed t o  condi t ions of' hypodynamia o f  d i f f e r e n t  durat ion.  

We bel ieve t h a t  t h e  so lu t ion  of  these problems w i l l  make 
i t  poss ib le  t o  ob ta in  da t a  f o r  a more coxplete  f o r e c a s t i n g  of 
t he  condi t ion  of  a cosmonaut i n  the  f i n a l  p a r t  of  the  f l i g h t  
during r e t u r n  t o  e a r t h  as a func t ion  of i t s  d i f f e r e n t  dura- 
t i o n .  

Th i s  paper genera l izes  t h e  i n v e s t i g a t i o n s  devoted t o  the  
problem of human to l e rance  t o  t ransverse  acceleL-ations a f t e r  
hypodynamia under condi t ions  o f  a s t r i c t  bed regime wi th  a 
du ra t ion  o f  3-7 -20  and 60 days now a t  our d i sposa l .  Zxperi-  
ments on hypodynamia have been c a r r i e d  out by L. 1. iCukur.in, 
V. I. Slesarev  and o ther  i nves t iga to r s ,  

The experiments were car r ied  out w i t h  the  p a r t i c i p a t i o n  
of 23 hea l thy  ind iv idua ls  who had been subjected t o  a s p e c i a l  
c l i n i c a l  examination. Tolerance was evaluated on the b a s i s  o f  
the  maxirnux magnitude o f  acce l e ra t ion  a c t i n g  i n  a cheet-back 
d i r e c t i o n  (+G,) a t  an angle of B O o  snc? 65'. The p r i n c i p n l  
c r i t e r i o n  o f  to le rance  under the inf luence o f  acce l e ra t ions  
a t  an angle o f  80" was the  appearance o f  r e l a t i v e  bradgear- 
dia, l e s s  f 'requentlg v i sua l  and r e s p i r a t o r y  d isorders  , where- 
a s  a t  an angle o f  65" i t  was pr imar i ly  v i s u a l  d i sorders .  
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The co l l ec t ed  d a t a  on the tolerance t c  acce le ra t ions  and 
phys io logica l  r eac t ions  were s t a t i s t i c a l l y  processed by the  
d i f f e rences  method u s i n g  the  l i n e a r  u n i d i r e c t i o n a l  r eg res s ion  
t e c h i q u e .  In  addi t ion ,  the  indices  p f  t h e  phys io logica l  reac-  
t i o n  o f  the sub jec t s  were compared a s  a r e s u l t  o f  the  impart-  
ing  o f  acce l e ra t ions  o f  d i f f e r e n t  magnitude w i t h  r e spec t  t o  
t h e i r  absolu te  values snd w i t h  the i n i t i a l  l e v e l s  taken i n t o  
account.  The r e s u l t s  of  i n v e s t i g a t i o n  3f to le rance  t o  acce l e r -  
a t i o n s  a f t e r  hypodynaqia a re  shown i n  .Fig. 1. 

This f iz i i re  s h o w s  t h a t  t h e  to le rance  t o  acce l e ra t ions  a f -  
t e r  a 3-day s t a y  i n  bed d i d  no t  change i n  corfiparison w i t h  the  
i n i t i 2 l  l eve l .  

'L - 

gradual decrease of tolerance t o  acce le ra t ions  was ot- 
served after hypodynamia l a s t i n g  7 days. Af t e r  a 15-20-day 
st?:? i n  bed t h i s  decrease averaged 2.tt un i tp .  After  a two-  
mmth per iod of  hypodgnmia t h e  to le rance  t o  acce le ra t ions  
was a t  approximately the  same l e v e l  as  a f t e r  a 15-20-day per- 
i o d  01' hypodynamia (2.2 u r_ i t s ) .  Therefore,  a f t e r  a 15-20 day 
s t a y  i n  bed there  was no f u r t h e r  reduct ion  of  to le rance ;  the  
to l e rance  t o  acce l e ra t ions  was s t a b i l i z e d  a t  approximately the 
same l e v e l  (2.2-2.h u n i t s  l e s e  than the i n i t i a l  l e v e l ) .  The 
s t a b i l i z a t i o n  of the  curve a l s o  i s  confirmed by the s t a t i s t i c d  
u n r e l i a b i l i t y  of t he  regress ion  c o e f f i c i e n t  f o r  hypodynamia 
wi t5  a dura t ion  from 15-20 t o  60 days. 

Res to r r t i on  o f  i n i t i a l  to le rance  appeared i n  a l l  the  sub- 
j e c t s  17-50 dags a f t e r  termination o f  a 2-month p3riod of  
hypodynamia. 

.':ircilar da ta  were obtained i n  an inveF t iga t ion  D f  t he  re -  
a c t i o n  o f  the  cardiovascular  and r e s p i r a t o r y  sgsteris t o  BC-  
c e l e r a t i o n .  Table 1 gives  the frequency o f  card iac  contrac-  
t i o n s  i n  sub jec t s  i n  the  i n i t i a l  s t a t e  p r i o r  t o  r o t a t i o n  and 
a l s o  under the  inf luence of acce le ra t ions  before  and a f t e r  
hypodynamia o f  d i f f e r e n t  duration. L 

For Greater r e l i a b i l i t y  of the noted changes the chsnge 
o f  t h e  frequency of  card iac  cont rac t ions  i n  the  sub jec t s  (14 
men) i n  the  i n i t i a l  s t a t e  and under the  inf luence o f  acce l e r -  
a t i o n s  o f  8 and 10 g a t  t h e  t h e  o f  background t e s t s  p r i o r  t o  
hypcdynamia ( s p e c i a l  mezn) was compared wi th  the hea r tbea t  
rhythm o f  a l a rge  group 3f persons (66 s u b j e c t s )  who had not 
p a r t i c i p a t e d  i n  the  experiments (gene ra l  mesn). I t  was found 
t h a t  the r eac t ion  gf' ca r2 iac  a c t i v i t y  i n  the  sub jec t s  sf the 
experimental  group i n  the experiments on the  cen t r i fuge  
p r i o r  t o  hypodynamia was the  same as  f o r  sub jec t s  who had not 
p a r t i c i p a t e d  i n  the  experiment. 



Table 1 ehows t h a t  a f t e r  a s t l y  under cond i t ions  of a 
s t r i c t  bed confinement i n  t h e  i n i t i a l  st:Ate p r i o r  t o  the  i r n -  
p a r t i n g  o f  a c c e l e r a t i o n s  t h e r e  was an apprec iab le  quickening Df 
t he  rhythn  of  ca rd iac  a c t i v i t y  and the  c l a r i t y  o f  express ion  
of t h i s  quickening increased w i t h  a lengthening D f '  t he  durs -  
t i o n  o f  t he  hypodynamia. I t  may be assuned t h a t  nervD'is and 
m o t i o n a l  s t r e s s ,  causing t h i s  change o f  card iac  a c t i v i t y  be- 
cauFe o f  t h e  h p e n d i n g  r o t a t i o n  on the c e n t r i f u s e ,  increased  
wi th  an increase  of t he  du ra t ion  o f  hypodynamia. 

r'requeizcy of' Cardiac Contractions Under the  Inf luence  of Ac- 

/6 
Table 1 

_- 

c e l e r a t i o n s  2ef ore  and A f t e r  -Typodynm.ia, b e a t s / n i n  
? a r i o d  I n i t i a l  data A f t e r  hFpodgnamia wi th  duration 
of study 7-12 days 15-20 dag3 60 da;)rs 

mean (66 mean (14 

I'lotes: 1. The t a b l e  gives  t h e  mean v a l u c s ,  mean e r r o r  and the 
s i g n i f i c a n c e  l e v e l  i n  comparison wi th  the  background. 4:- -- 

c l i i i a t i o n  of  the back of the  sea t  i n  a l l  cases  w a s  80. t o  t h e  
a c c e l e r a t i o n  vec tor .  

0 .05,  %%- -- 0.01. 
2. I n  i n v e s t i g a t i o n s  on the cen t r i fuge  t h e  angle of i n -  

- 
Thus, whereas the  f requercy  gf ca rd iac  c o n t r a c t i o n s  a 

minute p r i o r  t o  t he  i m p a r t i n  o f  a c c e l e r a t i o n s  a f t e r  a 7-12- 
d a g  hypodynamia w a s  90 b e a t s  7 minJ a f t e r  15-20- and 60-day 
per iods of hypodynamia it increased t o  102-105 beats/min. 
P r i o r  t o  r o t a t i o n  the  pulse  r a t e  w a s  86 bcats/min. Under t h e  
in f luence  o f  a c c e l e r a t i o n s  a f t e r  hypodynamia t h e  h e a r t b e a t  
frequency d i f f e r e d  from t he  i n i t i a l  values. F o r  example, a f -  
t e r  a 7-lZ-day bedstay t h e  pulze r c t e  under t h e  irxt'luence of 
an a c c e l e r a t i o n  o f  8 g was 1117 beats/min, and a f t e r  a 15-20- 
dag hypodynamia i t  increased  t o  158 beata/min. Then, a f t e r  
3 SO-day hypodynamia the  hea r tbea t  frequency d i d  no t  change 
-- 158 beats /n in .  Under t h e  inf luence o f  an  a c c e l e r a t i o n  of  
t he  same magnitude a t  the  time o f  t he  i n i t i a l  t e s t  i t  was at 



the  l e v e l  125 Seats/min. 

?he dynilliics of the change ?f the  r e a c t i o n  o f  the card io-  
vaFcular syptem, evaluated from the i n c m a s e  of the  frequency 
of  cardiac con t r ac t ions  under the inf luence  of  acce le ra t ionz  
o f  3 2nd 10 g ,  i s  Fhown i n  Pig.  2. 

r'ifs. 2 shows t h a t  i n  the f i r? t  7-12 days of hgpodynm-ia 
there  w t i s  a gradual increase i n  the r e a c t i v i t y  o f  the  card io-  
vascular  systerrl t o  acce le ra t ion .  Af te r  15-20 days the  i n -  
c rease  3f the  p u l ? e  r a t e  averaged +,31,+16 beats/min. l i e  note  
t h a t  a f t e r  a 6 0 - d ~ y  p e r i o d  o f  hypodynmia the  average i n c m z s e  
3f the  frequency o f  card iac  cont rec t ions  wss the same as  a f t e r  
a 15-20-day bedstag (k31t16). It i s  i n t e r e s t i n g  t o  nota t h a t  
according t o  t he  data o f  the Ater ican  s c i e n t i s t s  F i l l e r  and 
Leve re t t ,  after a fi-week p e r i o d  of hypodynamia the  quickening 
of' the  pulse  under the influence of a2 a c c e l e r a t i o n  o f  10.6 
g also was the extremely c lose  v d u e  +33+20 beats/min. There- 
f o r e ,  the  d i f f e rences  i n  the increaFe o f  the  pulse rate a f t e r  
hypodynmia l a s t i n g  15-20, 28  and 60 d a y s  were v i r t u a l l y  non- 
e x i s t e n t .  It may be assumed t h a t  a f t e r  a 15-20 day bed- /'3 
s t a y  a period o f  d e f i n i t e  s t a b i l l ~ a t i o n  i n  the r eac t ions  o f  
t he  card iovascular  system t o  the inf luence  o f  a c c e l e r a t i o n s  
s e t s  in.  

The r e a c t i v i t y  o f  t he  r e s p i r a t o r y  system was evaluated 
f r o m  the  increase  of the  oxygen debt snd  l a n g  v e n t i l a t i o n  s f -  
t e r  t e rmina t ion  of r o t a t i o n  (Fig. 3 ) .  It w 2 s  e s t3b l i shed  t h a t  
c f t e r  a three-day period of hypodynamia the re  were n o  r e l i a b l e  
change? o f  the  ind ices  D f  ex te rna l  r e s o i r a t i o n  i n  comparison 
w i t h  the  background r o t a t i o n .  -iowever, % f t e r  15-20- 2nd 60-day 
bedstays the d i f f e rence  i n  the  change of lung v e n t i l a t i o n  and 
the oxvgen debt was comide rab le  i n  comparison v i t h  the  in -  
i t i a l  e f f e c t .  F o r  example, t he  a d d i t i o n a l  increase  of lung 
v e n t i l a t i o n  i n  the  period o f  the a f t e r e f f e c t  t o  acce le ra t ions  
p r i o r  t o  hvpodynamia was 17.3 l i t e r s ,  s f t e r  a 15-2O-dsy per- 
i D d  of hgpodpnnrnia i t  w a s  1~3.8 l i t e r s  ( t h a t  i s ,  the  d i f f e r -  
ence of t he  increments w a s  an average o f  26.5 l i t e r s )  and &- 
t e r  a 60-day per iod o f  hypodynmia it  was 23.3 l i t e r s .  

Thus, the c l a r i t y  of expression of' t he  r e a c t i o n  o f  the  
r e s p i r a t o r y  system with reepect  t c  lung v e n t i l a t i o n  was ;p- 
proximately i d e n t i c a l  a f t e r  15-20- and 60-day bedstays (Yig. 
3 ) .  The mean values o f  t h e  maximum endured acce le ra t ions  be- 
f o r e  and a f t e r  15-20- and 60-3sy periods o f  hypodynamia were 
c l ~ s e  ( t h e  average d i f f e r e c c e  wa? 0.8 g ) .  

Since c)ur invest igat iDns were made w i t h  the paT7ticipa- 
t i o n  of a l imi t ed  nunber o f  subjects  (10 pel-sons), fcr g r e a t -  
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e r  r e l i s S i l i t y  of' t h e  $etermin%tions of  t he  changes the  da ta  
for lung v e n t i l a t i o n  and the  oxygen deijt obtained for t he  sub-  
j e c t s  o f  the exper inenta l  g r o u p  were c o q a r e d  wi th  t h e  da t a  
for a .rrDuQ o f  sub jec t s  ( 3 3  persons) no t  p a r t i c i p a t i n g  i n  t h e  
experiGents with hypodynamia. The condi t ions  of  exposure t o  ac- 
c e l e r a t i o n s  were i d e n t i c a l .  

We compared the  changes f o r  each sub jec t  s epa ra t e ly  wi th  
the appropr ia te  values f o r  lung v e n t i l a t i o n  and the  oxygen 
debt f o r  the corresponding acce le ra t ion  t o  which they were sub- 
jected.  The d a t a  a r e  given i n  Table 2. 

The da ta  i n  Table 2 show t h a t  i t  was h p o s s i b l e  t o  de- 
t e c t  a r e l i a b l e  change of lung v e n t i l a t i o n  a f t e r  a 15-20 day 
period o f  hypodynamia i n  comparison wi th  a 60-day period. 
The d i f f e rence  i n  t h e  increments o f  t h i s  index a f t e r  the men- 
t ioned periods o f  hypodynamia was ex t r ene ly  c lose .  

Thus, the  Drolonpd presence c f  man i n  a h o r i z o n t a l  p o s -  
i t i o n  wi th  l i n i t a t i o n  of  h i s  mobil i ty  r e s u l t e d  i n  a decrease 
of the  to le rance  t o  t ransverse  acce le ra t ions ,  Attainment o f  
equiva len t  magnitudes o f  acce l e ra t ion  was accompanied by con- 
Fi: lerably higher  f u n c t i o n a l  s t r e s s  of' the  $iysiological  s y s -  
t ens  of' the  body. The change o f  to le rance  t o  a c c e l e r a t i m s  af- 
t e r  d i f f e r e n t  per iods of  hypodynamia was d i f f e r e n t .  

For example, s f t e r  a 3-dag per iod of hypodynamia t h e  'nLlm- 
an to l e rance  t o  acce le ra t ions  virtually d i d  not  d i f f e r  l'rom 
the i n i t i a l  l eve l .  With an increase o f  the  du ra t ion  of hypo- 
dynamia the re  was a decrease of to le rance .  Af t e r  a 15-20-day 
bedztay it averaged -2.4 u n i t s .  Iiowever, a f t e r  8 6G-dag per- 
i o d  o f  hppodynmia t h i s  decrease was v i r t u a l l y  the same as 
a f t e r  a 15-20-day period of hypodynamia (2.2 u n i t s ) .  The reac-  
t i v i t y  o f  the  physiological  s y s t e m  under the inf luence of' ac-  
c e l e r a t i o n s  a f t e r  these  periods of hgpodynmia also was ap- 
prgximately i d e n t i c a l ,  /& 

Accordingly, these  da ta  ind ica t e  t h a t  i n  the case o f  hypo- 
dynmia  wi th  a dura t ion  o f  15-20 and 60 days the re  wa,r no r e -  
l i a b l e  dependence between the degree of decrease o f  t o l e r snce ,  
t he  r e a c t i v i t y  of the  body ard tne  dura t ion  of bed confine- 
nent .  

We f e e l  t h a t  these  da ta  are  i n d i c a t i v e  o f  the development 
o f  a process of s ingu la r  ada,tstiDn t o  condi t ions o f  prolonged 
(a9 t o  2 months) hypodynamic, Seginning approximately on the  
15tn-20th day o f  a severe Sed confinement regime. Experirnen- 
t a l  da ta  conf'irmlng t h i s  point of view were obtained i n  the  
experiments o f  L. I. K a h r i n ,  F'i. A .  Cherepakhin, L. S .  i a t -  
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3vsiciy,  G .  I. Lozyrevskaya, and others  (1967). it has been es -  
t ab l i shed  by the  authors  t h a t  i n  t h e  course o f  a 2-month per-  
i o d  of nypodynmia i n  i t s  secDnd h a l f  t he re  i s  a gradual nor- 
mal iza t ion  of a number o f  indices  o f  water and mineral  meta- 
bolism, the b l o o d  system and o the r  systems o f  the  body, For 
example, according t o  the  da ta  of G. I. Kozvsevs!:a:;a (1967) 
t h e  m a x i m m  release of e l e c t r o l y t e s  (K, Na, C a ,  P) was ob- 
Terved i n  the  t h i r d - f o z r t h  weck of hypodynamia; then t h i s  r e -  
l e a s e  decreased and by  tile end of the 60-day experiment a t -  
t a ined  the i n i t i a l  values.  S imi la r  da ta  were obtained conceriz- 
ing a number of' o ther  indices .  

Thus, t he  r e s u l t s  of i nves t iga t ions  make i t  poss ib l e  t o  
a s sum t h a t  wi th  r e spec t  t o  to le rance  t o  acce l e ra t ions  i n  t h e  
course o f  hypodynamia t he re  are two phases D f  change o f  the  
r e a c t i v i t y  o f  the body: the f i r s t  phase, with a du ra t ion  of  
15-20 days, i s  charac te r ized  by a gradual decrease of t o l e r -  
ance t o  acce le ra t ions  and an i n t e n s i f i c a t i o n  of  t he  c l a r i t y  
of  expression o f  the  r eac t ions  o f  the  body; the second phase 
i s  s t a b i l i z a t i o n ,  when t h e  neact ion of the body and the  t o l e r -  
ance t o  a c c e l e r a t i o n s  a r e  maintained a t  the  a t t a i n e d  l e v e l ,  
corresponding t o  t he  l s th -20 th  day of tine hypodynamia. 

The p o s s i b i l i t y  of  ex t r apo la t ion  of  t h e  da ta  obtained f o r  
a s t a t e  of' hypodynmia t o  the c o n d i t i m s  o f  weight lessness  i n  
space f l i g h t  i s  o f  unquestionable i n t e r e s t .  

According t o  the r epor t s  o f  a number of  i n v e s t i g a t o r s  
(Ze r ry ,  1966; Taylor,  1966 and o t h e r s ) ,  during space f l i g h t s  
t h e  cosmonauts experienced a reduct ion  of Drthostat i c  t o l e r -  
ance, beginning with a 34-hour s t a y  i n  a s t a t e  of weight less -  
ness ,  However, a f t e r  a l!+-day f l i g h t  changes of  o r t h o s t a t i c  
to le rance  were even l e s s  c l e a r l y  expressed than a f t e r  an 8-day 
f l i g h t .  

Therefore,  d - n i n g  prolonged g r b i t a l  f l i z h t s  Eerry ar,d 
o t h a r  i n v e s t i g a t o r s  f e e l  t h a t  cosmonauts undergo adap ta t ion  
t o  t he  condi t ions of weightlessness.  I n  a c t u a l i t y ,  i n  m u l t i -  
day T'lights of man and anin?als 0. G. Gazonko, 8. Id. Sisalcyan 
and o thers  (1964) observed maqifestat ions of a c e r t a i n  adap- 
t a t i o n  t o  t he  e f f e c t  of weight lessness ,  evaluated f r o m  every- 
day r eac t ions  and the s t a t e  of t he  nos t  important physiolog- 
i c a l  systems. 

Proceeding on the b a s i s  o f  general  b io logi r ,a l  p ren i se s ,  
some authors f e e l  that mechanisms of adapta t ion  must be i n -  
cluded i n  the general  reac t ions  r>f the body t o  weig1itli:ssness, 
making i t  possible  t o  reduce t o  a minimum the  unfavorable 
e f f e c t s  of t h i s  f a c t o r  (Yu. 21. Volgnkin, P. P.  Saksonov,  196!4; 
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V. 'I. ?a r in ,  V.  I. Yazdovskiy,  1962 ;  L.  I. i.;a!curin, 3. S .  E a t -  
o v s k i g ,  1962; L. I. Kakur in ,  3. S .  A . ~ t o v 3 k i y ,  e t  al, 1366). 

Thlis, t h e  e x p e r i n e n t s l  d a t a  wllich w e  o b t a i n e d ,  as  well as 
d a t a  i n  t h e  l i t e m t u r e ,  a p p a r e n t l y  i n d i c a t e  t h e  e x i s t e n c e  of 
g e n e r a l  mech?z:iisrns of t h e  a d a p t s t i o n  of t he  human body t o  con-  
d i t i o n s  of weightlessness and hypodynamia. 
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F I G U R E  C A P T I O r J S  

Fig.  1. Change o f  to le rance  t o  transvei-se acce lerb t ions  a s  a 
func t ion  of  the  dLirstion o f  hypodynamia: the d o t e  r ep resen t  
i nd iv idua l  cases of the d i f fe rence  o f  the  xaximum endurable 
magnitudes of acce l e ra t ions  w i t h  i n c l i n a t i o n  of back of  s e a t  
o f  1CO; t he  squares represent  an angle of 2s0  t o  the  horizon- 
t a l .  

F i g .  2. Change of  frequency of  card iac  cont rac t ions  under t h e  
inf luence of acce le rz t ions  of  8 and 10  Q a f t e r  hypodynamia c l f  
d i f f e r e n t  durat ion.  Angle of i n c l i n a t i o n  of  back o f  s e a t  was 
C O O  r rom a c c e l e r a t i o n  vector.  

Fig.  3. Changes of lung v e n t i l a t i o n  ( f i l l e d  s q u a r e s )  and oxy- 
gen debt (open squares)  a f t e r  imparting o f  maximum endurable 
a c c e l e r a t i o n s  as func t ion  o f  dura t ion  o f  hypodynamia. 

A )  Says; b) beats/min; C )  Pulse r a t e ;  D )  a t  8-g l e v e l ;  E )  a t  
10-g l e v e l ;  5') Duration of hypodynamia; G )  Lung v e n t i l a t i o n ;  
11) Oxygen debt 
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